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Several factors influence bus transit reliability which includes bus stop conditions along
the route, traffic conditions, route of travel and time of day. The overall transit bus reli-
ability is generally affected by dwell time (DT), the fare payment method, the bus stop
location, and the number of passengers alighting or boarding. A new variable is defined in
this study, total bus stop time (TBST), which is the summation of DT and the time it takes a
bus to effectively park at a bus stop and the re-entering the traffic stream. It is suggested
that the overall bus transit reliability along routes could be improved if the TBST is mini-
mized at bus stops.
In this study, TBST models for bus stops located at mid-blocks and near intersections
were developed based on multivariate regression analysis using ordinary least squares
method. Data collection was conducted at 60 bus stops, 30 of which were near intersections
and 30 at mid-blocks, in Washington DC during morning, mid-day and evening peak hours.
The variables observed at each bus stop are as follows: number of passengers alighting or
boarding, DT, TBST, bus stop type, bus pad, length number of lanes on approach to the bus
stop, and permitted parking. Statistical inferences were based on 5% level of significance.
From the results, it was inferred that the new variable, TBST, could potentially be used to
improve scheduling and transit bus systems planning in a dense urban area.
© 2016 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on
behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Several factors along the route of travel affect the overall
reliability of a transit bus system. These include, but are not
limited to, dwell time at bus stops, weather conditions, traffic
congestion, scheduled arrivals, and the number of passengers
boarding and alighting. The time it takes a transit vehicle to8; fax: þ1 202 462 9498.
Arhin).
al Offices of Chang'an Un
'an University. Production
se (http://creativecommostop for the purpose of serving passengers is defined as the
dwell time (DT). It includes the total passenger service time
between the opening and closing of the doors (TRB, 2010). A
major portion of a route's variability and operating time is
represented by DT at bus stops, which is also linked to the
reliability of the service being provided. For the purpose of
planning and managing bus schedules, there is a need to
estimate the total time that buses spend at bus stops, notiversity.
and hosting by Elsevier B.V. on behalf of Owner. This is an open
ns.org/licenses/by-nc-nd/4.0/).
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of passengers. The additional time used to safely maneuver
buses into a bus stop and time involved in re-entering the
traffic stream are important elements in urban bus transit's
schedule development. The extra time plus the DT is being
referred to as the total bus stop time (TBST), which is
potentially influenced by traffic conditions at or near the bus
stops and by bus-specific activities and systems.
TBST is one of the variables needed to be measured by
transit bus authorities, such as the Washington Metropolitan
Area Transit Authority (WMATA), since it affects overall
transit reliability. In addition to several initiatives aiming at
providing timely information regarding travel time and bus
arrivals, WMATA has real-time online information regarding
the arrival time of buses on various routes. With the
increasing availability of software applications for bus loca-
tion, patrons could use standard computers, their smart
phones, and a variation of portable devices to obtain real-time
information on the arrival status of buses at bus stops.
WMATA has recently incorporated automatic passenger
counting (APC) and automatic vehicle location (AVL) systems
to improve the bus information system. A bus transit's reli-
ability is often gauged by determining whether the transit
system is consistent with its publicized schedules. Since TBST
is a factor inherently used in reliability assessments, it is
essential to forecast its value along bus transit routes. This
study is aimed at developing TBST and DT models based on
peak periods, which could be used to improve the overall
reliability of bus transit. The research objectives are presented
as follows:
(1) Determine variables that could potentially influence
TBST.
(2) Develop TBST regression models for bus stops near in-
tersections and at mid-blocks.
(3) Perform the optimization of the TBST models to obtain
thresholds for the improvement of bus transit schedule
planning and efficiency.2. Literature review
Due to thriving employment opportunities, population den-
sity is increasing in already crowded urban areas. It is recog-
nized that the use of urban transit systems is an efficient
mode of travel that generally helps in reducing air pollution
and the dependency on petroleum based fuels for trans-
portation. The effectiveness of bus transit service relies
heavily on the quality of its route structure, schedules and
management. Travel time and a full understanding of how
time is utilized and lost during service are a constant concern
of bus transit operators, since urban streets pose a number of
challenges for bus drivers tomaintain schedules. Street traffic,
weather, crashes, traffic control, and various curb lane activ-
ities are among the conditions that randomly affect the
docking and undocking of buses at curb-side bus stops as they
enter to discharge and pick up passengers. The docking ac-
tivities of buses in a large urban transit system are affected by
location of bus stops, the mix of street traffic, turns atintersections, traffic control, design of bus stops, and curb-
side parking activities, among others. Data on the magnitude
of the dwell, access and departure intervals of transit buses
are important in schedule design and operationmanagement.
The literature review of this study focused on researches
that were aimed at developing a better understanding of the
total time involved, as buses arrive, dwell, and leave curb-side
bus stops. Studies and literatures on models related to bus
dwell time are generally limited, due to the manual data
collection time and cost requirements. Consequently, some
studies on dwell time were based on small sample sizes and
generally route-specific, with the focus on examining the
reasons of bus delays (Dueker et al., 2004; Milkovits, 2008).
Some dwell time studies were based on ordinary least squares
(OLS) method that established relationships between dwell
time, passenger alighting and boarding, based on selected
operating conditions that were likely to affect dwell time
(Dueker et al., 2004). Besides, dwell timemodels for heavy rail,
bus transit and light rail systems were developed by Milkovits
(2008).
Kraft and Bergen (1974) determined that traveler
administration time prerequisites for morning and evening
peaks were comparative, and mid-day requirements were
more prominent than those in peak periods. Their
examination established that loading up times surpassed
alighting times, and that back entryway and front entryway
alighting times were similar. From the consequences of their
study, it was resolved that the DT was equivalent to 2 s in
addition to 4.5 s for every loading up traveler for money and
change admission structures, and 1.5 s in addition to 1.9 s
for exact fare.
In another study directed by Kraft (1975), 7 noteworthy
factors that influence DT were recognized: operating policies
and practices, human, modal, climate, mobility, and other
system variables. The study implied that particular bus stop
qualities could impact the time the bus spends at the bus
stop, which includes, right-lane volumes, vehicle
classifications, control path utilization, right-lane design,
traffic gaps, length of space for bus to maneuver in and out
of bus stop, etc. In a study conducted in 1983 on transit
travel time performance, the dwell time was determined to
be equal to 2.75 s per alighting or boarding passenger plus
an additional 5 s (Levinson, 1983). Similarly, another study
determined that there was a 10e20 s penalty for each stop
plus a 3e5 s penalty for each passenger boarding or alighting
(Guenthner and Sinha, 1983). However, both studies based
their inferences on small sample sizes (< 30) with low
explanatory power, despite the fact that the research
controlled variables such as number of doors, fare structure,
and lift activity.
A field research on the behavior of buses was conducted by
Chen et al. (2013) at bay-side and curb-side bus stops in
Beijing, China due to their concerns about the extent of bus
delays at bus stops which had an effect on service. The
authors hypothesized that as a bus entered a bus stop to
service passengers, there was an arrival phase that would
include a cautious maneuvering of the bus toward the
assigned bus stop position while avoiding pedestrians,
stopped vehicles and physical features at the bus stop. This
arrival pattern was conceived to be unlike the arrival of
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ways did not have any obstacles. The DT at the street bus
stops was usually limited to time needed for the doors to
open and close in service of passengers. The departure time
was described as the time between closure of the doors and
the re-entering of a bus to the traffic stream. The duration of
the departure interval was described as also being affected
by traffic and other activities in the area of the bus stop. The
research team gathered data on twelve buses via video
during the morning peak period in addition to the period
from 12 noon to 2:00 p.m. in 2011. The number of
passengers on board, alighting and boarding were also
observed. The researchers found that the duration of dwell
linearly correlated with passenger activities at the doors,
regardless of the load factor. However, the alighting and
boarding time for curb-side bus stops were observed to
increase when the load factor was greater than 0.55. The
researchers recommended future work on the arriving and
leaving intervals at bus stops. The expected docking time at
curb-side bus stops was estimated when the load factor was
below 0.55 and above 0.77, using linear regression models
developed.
Generally, the docking time at bus stops for BRT is usually
not influenced by distinct activities near the stops. However, a
study was undertaken to appraise the travel time of the
Metropolitan Area Express (MAX) system in Las Vegas in 2006
(Shimek et al., 2006). This is due to the concern regarding the
stopping or docking period, which includes the dwell time.
The repeated buildup of dust and dirt on the pavement in
the docking area masked the visibility of pavement
markings which stirred interest in identifying a technology-
based solution. An optical guidance system was used to
facilitate the docking of buses into bus bays, even though
the trained drivers demonstrated sufficient capability to
park their buses into the marked bays. Automatic vehicle
location sensors formed the basis of the guidance system.
Even though the guidance system resulted in the reduction
of the time consumed by the buses for entering and exiting
the BRT stations, its cost was determined to be exorbitant by
management.
Robinson (2013) introduced a new variable called “time lost
serving stop”, which represented the time that a typical bus
would save if a bus stop was not present. The purpose of the
study was to explain how the amount of lost time in slowing
down to service a bus stop and accelerating to traffic speed
on exiting a bus stop can affect transit reliability. The data
used in that research was taken from the iBus system,
which is an automatic vehicle location (AVL) system
installed on more than 8000 bus units in the City of London.
The systems recorded data such as the speed, location, and
odometer values in a log file as well as the event time when
the doors were opened and closed. A bus was considered to
be at a bus stop when it entered into the stopping zone,
which began 50 m before and 30 m after the flagpole.
Robinson (2013) compared the estimated average time lost
in serving bus stops along route 45 based on two approaches:
peak-to-peak and shifted speeds. The comparison was based
on over 50,000 bus stop events from the iBus system. The
first approach (peak-to-peak speed) was based on the
maximum speed pre and post the bus stop while the latterspeed approach assumed that the bus would be traveling at
the highest peak speed assuming the bus stop was not
present. In both scenarios, a directly proportional
relationship between distance and speed were determined.
However, from the results, the shifted speed approach was
more realistic and was used in determining the mean time
lost in arriving, serving, and departing from a bus stop to be
11.6 s, which was considerably longer than the time the
doors would remain open.
Khoo (2013) established bus dwell time models based on
dwell time data from 20 bus stops in the Klang Valley region
in Malaysia. The objective was to determine the best
statistical distribution that could describe and explain
variations in dwell time, and use regression models to
assess the extent of influence of the factors selected (Kraft,
1975). The bus stops for the study were selected based on
passenger demand estimation, the number of bus routes
served and type of location. Both video recording and field
staff were used to gather dwell time data in peak hours and
off-peak hours, in 2010 and 2011. The peak hours were from
8 a.m. to 9 a.m. and from 5 p.m. to 6 p.m., while the off-peak
hour periods were from 9 a.m. to 10 a.m. and from 4 p.m. to
5 p.m.
The dwell time was calculated based on the following
equation
ti ¼ tidepart  tiarrive (1)
where ti is the dwell time for bus i, tidepart is the time bus i de-
parts from the bus stop, tiarrive is the time bus i arrives at the bus
stop.
Analysis of the dwell time data was conducted to deter-
mine whether a particular statistical distribution fitted the
data. Besides, multiple regression analysis was conducted to
identify the variables that influenced dwell time most. The
variables considered in the analysis as the independent vari-
ables were: passengers boarding and alighting, platform
crowding level, payment method, and time of the day. The
outcome of the statistical analysis showed that the dwell time
measured during peak hours tended to disperse more than
that in off-peak hours due to traffic congestion during the rush
hours. The results also showed that the average dwell time for
less crowded platforms was lower compared with that of the
more crowded platforms, indicating that the crowding level
could influence dwell time. The study contended that pay-
ment method had a positive effect on the peak hour dwell
time. However, the off-peak hour dwell time was significantly
affected by both the number of passengers boarding/alighting
and payment method. The study also established that pas-
sengers alighting and boarding had amajor influence on dwell
time variability while the extent of variation was contingent
on the time of the day.
Rajbhandari et al. (2003) identified the principal
determinant for dwell time to be passenger demand. The
study highlighted the importance of dwell time by indicating
that its reduction could potentially save more time than
installing bus priority systems. The researchers identified
and considered the time the door was opened for passengers
to enter, the number of mobility-impaired passengers, and
the time it took passengers to get off a packed bus as factors
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alighting and boarding were determined to fit an exponential
distribution, while the dwell time per stop fitted a lognormal
distribution.
Gardner et al. (1991) focused on public transport systems'
importance using a study conducted to form busway
‘capacity’, and explored the variables that influenced the
performance of a busway. The authors established that a
busway capacity was an important traffic management
variable, but noted that the performance of transit systems
could be achieved by adding complementary measures for
improving bus operations. One area for system
improvement cited was bus stop performance, due to the
fact that bus dwell time was a key variable used in assessing
the service of bus transit. The results of the dwell time
survey conducted also substantiated that alighting time was
usually lower than boarding time. The authors observed that
when the number of passengers boarding were relatively
smaller than that of spaces available on an incoming bus,
the boarding time was relatively low. When the incoming
bus was near capacity, the average passenger boarding time
increased rapidly due to on-board congestion and extra time
in finding a seat or standing position. Due to that
phenomenon, the authors claimed that boarding time
relationships were likely to be nonlinear beyond a certain
threshold.3. Summary
The review of the literatures indicates that, although dwell
time, number of passengers alighting and boarding have
major impacts on TBST, there are other subordinate factors
that could impact TBST in dense urban areas. The factors
include methods of payment, time of the day, crowding level,
the time lost serving a stop, and the location of the bus stops.
Rajbhandari et al. (2003) included the time a driver left the
door open for passengers to enter, the number of mobility-
impaired passengers, and the time it took a passenger to get
off a packed bus. In conclusion, by considering secondary
variables for a dense urban area, improvements could be
made in the development and optimization of TBST models.4. Research methodology
Sixty bus stops on bus routes that have high patronage were
selected in the District of Columbia for this study. This was
based on the Bus Stop Usage Report released (WMATA, 2014)
which ordered the bus stops based on the number of
passengers alighting and boarding at each stop. The highest
ranked bus stops in the report were designated for this
study so that a good sample of bus stopping events could be
ensured during data collection.
Bus stops located near intersections and at mid-blocks
were identified in this study. The importance of conducting
separate analyses for these two types of bus stops was due to
the different dynamics of traffic at each bus stop. Conse-
quently, 30 bus stops located near intersections and another30 located at mid-blocks were selected. Multiple bus stops
were selected at some intersections and street blocks.4.1. Collection of data
Prior to the beginning of this study, WMATA had installed a
trial automatic passenger counting (APC) and an automated
vehicle location (AVL) systems on a number of buses. How-
ever, a preliminary comparison of APC/AVLwith the field data
exposedmarked differences that could not be resolved. On the
basis of that, the study teamusedmanual field data collection.
Data collection was conducted at 60 bus stops in 2014 on
weekdays during the three peak periods:morning (7:00 a.m. to
10:00 a.m.), mid-day (12:00 p.m. to 2:30 p.m.) and evening (4:00
p.m. to 6:00 p.m.). These selected time were based on the
assumption that there would be a sufficient number of
alighting and boarding events by bus patrons. The conditions
that were also obtained for each bus stop are as follows:
(1) Lane types
(2) Number of lanes
(3) Presence of on-street parking
(4) Bus pad's length and width (if available)
A number of test runs were conducted prior to the
commencement of the collection of data to ensure consis-
tency. The field data collection sheets contained the bus stop
ID number, date, the beginning and ending times of the data
collection, and the following ten variables:
(1) Bus route number
(2) S1: time the bus arrived to the bus pad
(3) X: number of passengers boarding
(4) Y: number of passengers alighting
(5) D1: time door opens
(6) D2: time door closes
(7) S2: time bus pulls away from the bus pad after the doors
closed
(8) Presence of street parking adjacent to the bus stop
(9) Number of lanes at the approach where the bus stop is
located
(10) Length of bus pad
The times were recorded using stopwatches with time lap
feature for easy extraction of data. At least 10 bus stop events
were recorded per period. No data collection was conducted
under adverse weather conditions. In all, 1783 bus stop events
at the 60 bus stops were documented.4.2. Computing TBST
Microsoft Excel software was used to compute the TBST for
each bus at each bus stop. This was the time difference be-
tween the time the bus pulls in to the bus stop and when it re-
enters to the main traffic stream. The presence of on-street
parking near the bus stop was considered as either allowed or
not allowed, using the code 1 or 2 respectively.
Table 1 e Mean values for variables collected at bus stops located at intersections.
Time period Dwell time Passengers boarding Passengers alighting TBST # Lanes Bus pad length (ft)
a.m. 22.70 3.57 2.92 42.36 2.33 96.8
Mid-day 32.45 4.30 2.96 50.68 2.33 96.8
p.m. 31.21 5.17 3.35 49.60 2.33 96.8
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optimization
4.3.1. Statistical analysis
Descriptive statistics of the data were conducted to determine
the median, mean, standard deviation, among others. This
was conducted for both bus stop types and for the three time
periods.
4.3.2. Model development
The general form of the regression model for the TBST was
assumed to have the following form based on the data
characteristics.
TBST ¼ Dtk1 þ Pbk2 þ Pkk3 þ Lnk4 þ Bpk5 þ Pak6 þ 3 (2)
where Dt is the dwell time (s), Pb is the number of passengers
boarding, Pk is the presence of street parking, Ln is the number
of approach lanes, Bp is the bus pad length (inch), Pa is the
number of passengers alighting.
TBST is the dependent variable while Dt, Pb, Pk, Ln, and Bp
are the independent variables. In addition, k1, k2, k3, k4, and k5
represent the regression coefficients with an associated error
of 3 [3 ~ N (0, s2)].
Descriptive statistics of the data were conducted to deter-
mine the average, median, standard deviation, 95% confi-
dence interval, among others. The statistics were obtained for
bus stop types and by time of the day.
4.3.3. Analysis of regression models
The standard multivariate regression analysis methodology
was used to develop the TBST regression models during the
three peak periods. The resulting models' regression co-
efficients were tested at 5% level of significance. Also, each
regression model's overall statistical significance was tested
using the F-test (ANOVA) at 5% level of significance for each
bus stop type. The following additional statistical indices and
tests were conducted for model validation: Kolmogor-
oveSmirnov (KS) test, R2 and adjusted R2, F-test, normal
probability plots, and residual plots.
4.3.4. Optimization
The objective function used optimizing using a nonlinear
programming process. The TBST was set as a nonlinear
objective function and was subject to linear inequality and
equality constrains to obtain the minimum value usingTable 2 e Mean values for variables collected at bus stops loca
Time period Dwell time Passengers boarding Passe
a.m. 20.32 3.25
Mid-day 22.06 2.82
p.m. 19.70 2.85MiniTab. Normally, a nonlinear problem is defined by a set of
equalities and/or inequalities (constraints), based on a set of
real unknown variables. The nonlinear problem typically de-
fines an objective function that is to be maximized or mini-
mized; in some cases, some of the constraints or the objective
functions are nonlinear (Bertsekas, 1999). The following
presents the formulation of the nonlinear problem:
maxx2X fðxÞ to maximize a function (3)
or
minx2X fðxÞ to minimize a function (4)
where
f : Rn
x2Rn

/R
subject to the following constraints:
hiðxÞ ¼ 0; k2K ¼ 1;…;q
giðxÞ  0; p2P ¼ 1;…;m
The possible solutions for the nonlinear optimization are:
(1) Infeasible e there is no solution x that is subject to
constraints.
(2) Unbounded e for some x subject to constraints, the
objective function f is either ∞ or ∞.
(3) Feasible e for an optimal solution x subject to con-
straints, the objective function f is either maximized or
minimized.
It was anticipated that the solution to the nonlinear opti-
mization of the objective function would be feasible, that is,
an optimal solution with identified constraints would be ob-
tained. The solution was either a feasible region or set of
values, solution space representing a set of all possible points
that satisfied the objective function's constraints.5. Results
5.1. Statistical analysis
Summaries of the descriptive statistics were computed by the
type of bus stop and by period of time. The descriptive sta-
tistics are the average, standard deviation and 95% confidenceted at mid-blocks.
ngers alighting TBST # Lanes Bus pad length (ft)
2.86 33.94 2.21 79
2.63 36.70 2.21 79
3.33 33.26 2.21 79
Fig. 1 e Mean TBST values by time of the day by bus stop
location.
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ables collected at each bus stop type by time of the day. For
bus stops located at intersections, it was determined that the
longest dwell time took place during mid-day with 32.45 s.
However, it was during the afternoon period where the most
number of passengers boarded and alighted.
From Table 2, the longest dwell time at bus stops located at
mid-blocks was observed during mid-day. However, it was in
the morning and afternoon periods that the highest numbers
of passengers boarding and alighting were observed,
respectively.
5.1.1. Mean TBST by bus stop type
The mean TBST values by time of the day based on the loca-
tion of the bus stop are presented in Fig. 1. The figure shows
that the mean TBST of buses at mid-block bus stops are
lower than those at bus stops located at intersections during
the observed periods. The maximum TBSTs were observed
during mid-day for both types of bus stops.5.2. Regression analysis
TBST regressionmodels were established based on time of the
day and bus stop type using the data collected for the selected
bus stops. The TBST models determined were based on the
followingTable 3 e TBST regression models by time of the day at inters
Time period Model equation
a.m. TBSTAM ¼ 1.40Dt  1.90Pb 1.19Pk þ 2.45Ln  0.001
Mid-day TBSTMID ¼ 1.12Dt þ 0.26Pb  1.87Pk þ 0.52Ln  0.00
p.m. TBSTPM ¼ 1.17Dt  0.02Pb  1.55Pk  2.07Ln þ 0.000
Table 4 e TBST regression models by time of the day at mid-b
Time period Model equation
a.m. TBSTAM ¼ 1.73Dt  2.19Pb þ 3.91Pk  0.15Ln þ 0.002
Mid-day TBSTMID ¼ 1.12Dt þ 0.04Pb  0.86Pk þ 0.50Ln þ 0.00
p.m. TBSTPM ¼ 1.12Dt þ 0.19Pb  0.50Pk  0.19Ln þ 0.004TBST ¼ fDt;Pb;Pk; Ln;Bp;Pa (5)
Themodelswere developed by time of the day and bus stop
type. The significance and adequacy of themodelswere tested
at 95% confidence interval. The summary results of the
regression analysis are presented in Tables 3 and 4.
The results showed that the TBST models were adequate
and could explain relatively high percentages of the variations
in the data, based on the R2 values that ranged between 67%
and 96%. The morning period showed a lower explanatory
power compared with the models for the remaining two peak
periods for both types of bus stops. Also, the p-values for the
regression models' F-statistics confirmed that the coefficients
were not equal to zero at 95% confidence interval. The results
showed the most prominent independent variable that pre-
dicts the TBST was Dt, based on the model coefficients' p-
values for the corresponding t-statistics (for both bus types
and periods). The remaining coefficients all showed p > 0.05.
5.2.1. TBST models
Figs. 2 and 3 are the residual and normal probability plots
respectively for the model for bus stops located at in-
tersections during the mid-day period.
The residual plots showed evenly distributed random plots
about the zero line which confirms that themodels fit the data
sets well for all the models by bus stop type and time of the
day. An assumption of normality would be reasonable for the
data set since the normal probability plots show a line along
the points. Therefore, from the figures, it can be concluded
that the models adequately predicted TBST.
The output of the KS test for TBST is presented in Fig. 4
during the mid-day period for the selected bus stops at
intersections. From the KS test, the value of the D-statistic is
0.1 based on a corresponding p-value of 0.997, confirming that
the observed values are adequately predicted by the models.5.3. Optimization
The optimizationwasperformed to obtain themaximumTBST.
From the regression analysis, DT was the only variable identi-
fied that significantly contributed to TBST, as such, it was theections.
R2 ANOVA
F-value p-value
Bp  0.02Pa þ 14.6 0.67 7.81 0.00
2Bp  0.15Pa þ 17.23 0.96 96.89 0.00
2Bp  0.42Pa þ 21.72 0.95 70.51 0.00
locks.
R2 ANOVA
F-value p-value
Bp  1.21 Pa  0.0009 0.73 10.17 0.00
5Bp  0.27Pa þ 8.71 0.98 164.16 0.00
Bp  0.07Pa þ 7.94 0.99 360.27 0.00
Fig. 2 e Residual plot of bus stops located at intersections
(mid-day).
Fig. 4 e KS-test comparison percentile plot of bus stops
located at intersections for TBST (mid-day).
Table 5 e Summary results of optimization of TBST.
Bus stop type Time period Dwell time (s) Max. TBST (s)
Intersections a.m. 20.4 42.5
Mid-day 28.9 47.1
p.m. 27.8 66.8
Mid-blocks a.m. 18.5 36.0
Mid-day 19.6 33.2
p.m. 17.7 31.2
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improve reliability, the TBST should not exceed the maximum
timeat eachbus stopandby timeof theday.Toachieve this, the
maximum average DT at each bus stop was used to obtain the
maximumTBST. The upper limit of the 95% confidence interval
of DT represented the maximum average DT.
The summary of the optimization results is presented in
Table 5. The maximum suggested TBST was observed in the
evening period for bus stops located at intersections. Since
the upper 95% confidence limit of DT (27.8 s), the maximum
TBST should be no more than 66.8 s. On the other hand, the
maximum TBST (36 s) occurred during the morning period
for bus stops located at mid-blocks based on the upper 95%
confidence limit of the DT of 18.5 s.
Summaries of the descriptive statistics were computed by
time period and type of bus stop. The key descriptive statistics
were the means, standard deviations and 95% confidence
intervals.
The results showed that the maximum TBST for bus stops
locatedatintersectionsrangedfrom42to67sbasedonDTvalues
ranging from 20 to 29 s. On the other hand, themaximumTBST
for bus stops located atmid-blocks were lower (31e36 s), which
corresponded to lowermaximumDTs of 17e19 s, respectively.6. Discussion
A variety of studies targeting the improvement of bus per-
formance using DT models were established for variousFig. 3 e Normal probability plot of bus stops located at
intersections (mid-day).jurisdictions. The studies also revealed that, in addition to the
number of passengers alighting and boarding, it might be
worthy to include secondary variables to predict DT. Some of
such variables include type of bus fare payment, crowding
level, time of the day, the time lost serving stop, the location of
the bus stop being served and bus stop's physical
characteristics.
The TBST models developed for WMATA's transit buses in
the District of Columbia were based on the following inde-
pendent variables: bus pad length, number of passengers
alighting and boarding, number of approach lanes and pres-
ence of on-street parking. The most significant variable of
influence for the TBSTmodels was DT, based on bus stop type
and time of the day.
For bus stops located at mid-blocks, the mean TBSTs ob-
tained for bus stops at mid-blocks were 36.0, 33.2 and 31.2 s,
respectively for the morning, mid-day and evening periods.
The mean TBSTs recorded for bus stops at the intersections
were 42.4, 50.7, and 49.6 s for the morning, mid-day and eve-
ning periods, respectively.
The mean TBST at intersections was generally higher at
bus stops located at intersections than those located at mid-
blocks. The higher value could be attributed to the potential
influence of intersection interactions including traffic, signal
operations, pedestrian crossing, congestion, parking maneu-
vers, etc. The mean TBST was approximately 48 s at the bus
stops near intersections. For bus stops located at mid-blocks,
the overall mean TBST was 35 s.
The regressionmodels by bus stop type yielded statistically
significant regression models within the margin of error (5%
level of significance), with high R2 and adjusted R2 values for
TBST (67%e99%). The results of the ANOVA tests also showed
statistically significant F-statistics (p < 0.05). For the TBST
models, only DT contributed significantly to the model at 5%
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regression coefficients (from the t-tests, with p < 0.05).
Residual plots for all the models also showed randomness
about the zero line indicating their viability. The normal
probability plots showed the predominance of points that
formed a straight line. Moreover, the KS test results indicated
that the models adequately predicted the observed values.
Finally, after the optimization of the TBST models, the
maximum TBST for bus stops located at intersections was
approximately 67 s during the evening period. For themorning
and mid-day periods, the maximum TBSTs suggested were
approximately 43 and 47 s, respectively. For bus stops located
at mid-blocks, the maximum TBST was 36 s for the morning
period, while the maximum mid-day and evening TBST were
33.2 and 31.2 s, respectively.7. Conclusions and recommendations
The study shows that TBSTs differ based on time period and
the location of the bus stop location. The proposed regression
models have a high explanatory power based on the outcome
of the statistical analysis. Thus, the models could be
adequately used, at 95% confidence interval, to predict TBSTs
based on bus stop location type and by time of the day. The
concept of total bus stop time prediction will provide bus
transit decision-makers additional metric to enable the
improvement of overall reliability and planning of bus
schedule. For bus stops near intersections, it is recommended
that buses should spend no more than 43, 47, and 67 s at bus
stops during the morning, mid-day and evening peak periods,
respectively. Similarly, based on the models, the total time
buses should spend at mid-block bus stops should be nomore
than 36, 33, and 31 s during themorning, mid-day and evening
periods, respectively.
Thirty near intersections and mid-block bus stop locations
were used for this study. Due to potential changes in land uses
and traffic patterns near bus stops, it is recommended that
these models be updated and validated on a 3e5 year cycle. It
should be noted that themodels are based on data collected in
the Washington, DC metropolitan area and as such cannot be
used to predict TBST for other jurisdictions.r e f e r e n c e s
Bertsekas, D.P., 1999. Nonlinear Programming, 2nd edition.
Athena Scientific, Cambridge.
Chen, S., Zhou, R., Zhou, Y., 2013. Computation on bus delays at
stops in Beijing through statistical analysis. Transportation
Research Record 2352, 532e546.
Dueker, K.J., Kimpel, T.J., Strathman, J.G., 2004. Determinants of
bus dwell time. Journal of Public Transportation 7 (1), 21e40.
Gardner, G., Cornwell, P.R., Cracknell, J.A., 1991. The Performance
of Busway Transit in Developing Cities. Report 329. Transport
and Road Research Laboratory, Department of Transport,
London.
Guenthner, R.P., Sinha, K.C., 1983. Modeling bus delays due to
passenger boarding and alighting. Transportation Research
Record 915, 7e13.
Khoo, H.L., 2013. Statistical modeling of bus dwell time at stops.
Eastern Asia Society for Transportation Studies 9 (10),
1489e1500.
Kraft, W.H., 1975. An Analysis of the Passenger Vehicle Interface
of Street Transit Systems with Applications to Design
Optimization (PhD thesis). New Jersey Institute of
Technology, Newark.
Kraft, W.H., Bergen, T.F., 1974. Evaluation of passenger service
times for street transit systems. Transportation Research
Record 505, 13e20.
Levinson, H.S., 1983. Analyzing transit travel time performance.
Transportation Research Record 915, 1e6.
Milkovits, M.N., 2008. Modeling the factors affecting bus stop
dwell time: use of automatic passenger counting, automatic
fare counting, and automatic vehicle location data.
Transportation Research Record 2072, 125e130.
Rajbhandari, R., Chien, S., Daniel, J.R., 2003. Estimation dwell
times with automatic passenger counter information.
Transportation Research Record 1841, 120e127.
Robinson, S., 2013. Measuring bus stop dwell time and time lost
serving stop with London iBus automatic vehicle location
data. Transportation Research Record 2352, 68e75.
Shimek, P., Watkins, K., Chase, D., et al., 2006. Las Vegas
Metropolitan Area Express (MAX) Bus Rapid Transit Project.
National Technical Information Service, Springfield.
Transportation Research Board, 2010. HCM 2010: Highway
Capacity Manual. Transportation Research Board,
Washington DC.
Washington Metropolitan Area Transit Authority (WMATA), 2014.
Weekday Stop Usage Report. WMATA, Washington DC.
